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PERFOR lL4YCE PARA METER MEASURE hIEXTS 

ON THE 
LNTERPLAh'ETARY MONITORING PLATFORM 

IMP I 

SUMMARY 

The IMP Spacecraft includes instrumentation to monitor 
15 separate perfornuance parameters - 4 voltages, 3 currents an 

. 8 temperatures. These measurements provide important informa- 
tion OQ the operational status of the primary power system am 
well as the thermal environment of critical experiments and 
subsystems. * '- 

Each of t h e  15 parameters are described in detail - 
ing  their relationship to the o v e r a l l  spacecraft syste 
a'ture.measurement locations are  shown and the methad o 

calibration of the temperature parameters is outlined. 
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PERFORXI-XCE YAHAMETEH JIEASUREh'LENTS 

ON THE 
INTERFLANETARY X O X I T O R I N G  PLATFORM 

IhlP I 

by 
Frank A. Carr  

Goddard Space F l i g h t  C e n t e r  

INTRODUCTION 

The I n t e r p l a n e t a r y  h lon i to r ing  P l a t f o r m  (IBIP) is a ser ies  
of GSFC s p a c e c r a f t  des igned  t o  i r v e s t i g a t e  e n e r g e t i c  p a r t i c l e  
phenomena and n a g n e t i c  f i e l d s  a t  a l t i t u d e s  up t o  a p p r o x i m a t e l y  
150 ,000  N. m i l e s .  

I n  a d d i t i o n  t o  the s c i e n t i f i c  e x p e r i m e n t s ,  t e l e m e t r y  s y s t e m ,  
power system, e t c ,  Ib¶P c a r r i e s  on-boara i n s t r u m e n t a t i o n  d e s i g n e d  
t o  r e l a y  c e r t a i n  i n f o r m a t i o n  c o c c e r n i n g  its own performance .  
T h i s  i n f o r m a t i o n  c o n s i s t s  of t e l e m e t e r e d  d a t a  of 15 "per formance  
pa rame te r  (PP)" measurements. These measurements  i n c l u d e  4 
voltages, 3 c u r r e n t s  and 8 t e m p e r a t u r e s . *  In a d d i t i o n ,  two 

v e r i f i c a t i o c  of s p a c e c r a f t  s e p a r a t i o n  f rom t h e  t h i r d  stage-motor 
and t h e  e x t e n s i o n  of t h e  Rb Magnetometer. Approximately 33 
measurements of each  PP are t r a n s m i t t e d  for  e a c h  o n e  hour  of 
s p a c e c r a f t  o p e r a t i o n .  

t e m p e r a t u r e  measuremenfs are " d u a l  level"  which permit tine ". 

T h i s  report descr ibes  each of the  fifteen parameters - t&2F'*"'- 
f u n c t i o n ,  r e l a t i o n s h i p  to t h e  s p a c e c r a f t  s y s t e m  a n d ,  i n  t h e  case 
of t e m p e r a t u r e  p a r a m e t e r s ,  t h e i r  p h y s i c a l  l o c a t i o n  w i t h i n  t h e  
s p a c e c r a f t .  

The d e s i g n  of t h e  e l e c t r o n i c  i n s t r u m e n t a t i o n  (Per formance  
Pa rame te r  Card ,  S-74-IH1 acd t e m p e r a t u r e  s e n s o r s )  was t h e  
r e s p o n s i b i l i t y  o f  t h e  F l i g h t  Data Systems and Thermal Sys tems 
Branches  of t h e  S p a c e c r a f t  Technology D i v i s i o n .  I t  is a c t i c i -  
p a t e d  t h a t  t h e  d e t a i l s  of t h e s e  d e s i g n s ,  o m i t t e d  f r o m  t h i s  
r e p o r t ,  w i l l  be p r e s e n t e d  i n  f o r t h c o m i n g  r e p o r t s  from t h a t  
D i v i s i o n .  

The f o l l o w i n g  b r i e f  d e s c r i p t i o n  of t h e  PP d e s i g n  h a s  been  
summarized from Ref 1: 

The 15 performance p a r a m e t e r s  p r e s e n t  an output 
of 0 t o  5 vdc  t o  t h e  s p a c e c r a f t  Encoder .  The first sevea 
encoded th rough  Analog Osc i l la tor  No. 1 (A.O. I )  and the 
i n g  e i g h t  t h r o u g h  A.O. 2.  The vo l tage  d i v i d e r  network for 

* See F i g u r e s  1 and 2 
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ppl: PP2 and PP8 moni tors  is c o n t a i n e d  i n ' t h e  Per formance  
Parameter  c a r d  w h i l e  t h a t  f o r  PP12 is l o c a t e d  on t h e  B a t t e r y  
c o n n e c t o r .  The c u r r e n t  p a r a m e t e r s  a r e  o b t a i n e d  from magne t i c  

. a m p l i f i e r s  hav ing  a n  o u t p u t  v o l t a g e  of  0 t o  5 vdc ,  dependen t  
upon sensor  c u r r e n t .  The t e m p e r a t x r e  measurements a re  made by 
c a l i b r a t e d  thermistors  w i t h i n  v o l t a g e  d i v i d e r  ne tworks .  The 
+7 vdc necessary f o r  o p e r a t i o n  of t h e  thermistors is o b t a i n e d  
f r o m  t h e  Aful t i -converter .  

VOLTAGE AND CURREXT hBASUREMENTS 

These measurements i n c l u d e  t h e  f o l l o w i n g  
t h r e e  c u r r e n t s :  

PP1 S o l a r  Array - B a t t e r y  Voltage 
PP2 P r i m e  C o r v e r t e r ,  +50v o u t p u t  
PP8 P r i m e  C o n v e r t e r ,  +12v l i n e  (A) 
PP12 Mul t i - conve r t e r ,  +7v olitput 

PP3 B a t t e r y  C u r r e n t  
PP4 S p a c e c r a f t  C u r r e n t  
PP9 S o l a r  Array C u r r e n t  

Some of the  impor t an t  a s p e c t s  of each of 

f o u r  v o l t a g e s  and 

o u t p u t  

these parameters 
i n  r e l a t i o n  to t h e  s p a c e c r a f t - p o w e r  system** are as follows: 

I . ,  ._ ~ 

PP1 ( S o l a r  Array - B a t t e r y  Voltage) - T h i s  m o n i t o r  
i n d i c a t e s  t h e  i n p u t  v o l t a g e  to t h e  P r i m e  C o n v e r t e r  
w h i c h  i n  t u r n ,  s u p p l i e s  regulated v o l t a g e s  to 
n e a r l y  a l l  e x p e r i m e n t a t i o n  and i n s t r u m e n t a t i o n .  
The nominal o p e r a t i n g  v a l u e  of PP1 is +19.5 vol ts  ~ 

which is governed by t h e  Solar Ar ray  R e g u l a t o r .  
When t h e  B a t t e r y  operates t h e  s p a c e c r a f t  ( i .e. ,  
d u r i n g  shadow p e r i o d s )  t h i s  v o l t a g e  c a n  be a s  
l o w  a s  +12 v o l t s .  However, i f  it drops below 
+12 v o l t s ,  t h e  programmer w i l l  t u r n  the s p a c e c r a f t  
off  for  e i g h t  h o u r s ,  a l l o w i n g  t h e  B a t t e r y  t o  re- 
cha rge .  

PP2 ( P r i m e  C o n v e r t e r ,  +50-;r Outpu t )  - T h i s  is one  of the  
t w o  v o l t a g e s  (+12v is t h e  other) s u p p l i e d  t o  t h e  
T e l e s e t r y  T r a n s m i t t e r ,  

. ~ .  * The f i f t e e n  pa rame te r s  a re  d e s i g n a t e d  PP1 t h r u  PP15 and  
c o r r e s p o n d  t o  c h a n n e l s  1 t h r u  15, f rame 2 of t h e  IMP 
t e l e m e t r y  format. 

'h" . ** F i g u r e  3, 



PP8 (Prime Conver t e r ,  +12v ( l i n e  A )  O u t p u t )  - T h i s  
o u t p u t  o f  t h e  P r i m e  Conver t e r  s u p p l i e s  most ex- 
p e r i m e n t s  ar.d s p a c e c r a f t  subsys t ems  e i t h e r  
d i r e c t l y  or t h r u  a d d i t i o n a l  c o n v e r t e r s .  

PP12 ( M u l t i - c o n v e r t e r ,  +7v Outpu t )  - The e i g h t  tempera-  
t u r e  measurement c i r c u i t s  a r e  s u p p l i e d  by t h i s  
17v o u t p u t .  T h i s  v o l t a g e  is  r e g u l a t e d  t o  b e t t e r  
t h a n  +lS, bat t o  g-card a g a i n s t  p o s s i b l e  a m b i g u i t i e s  
a f t e r - l aunch  arid t o  zissure t h e  a c c u r a c y  of the  
t e m p e r a t u r e  measuremexits, t h e  PP12 m o n i t o r  was 
i n c o r p o r a t e d  i n  t h e  s p a c e c r a f t  d e s i g n .  

PP3 ( B a t t e r y  C u r r e c t )  - T h i s  s e n s o r  i n d i c a t e s  c u r r e n t  
f l o w  t o  o r  f rom t h e  B a t t e r y  (wi thou t  r e g a r d  to 
d i r e c t i o n ) .  The d i r e c t i o n ,  i . e . ,  c h a r g e  or  dis- 
charge mode rcust  be de t e rmined  from t h e  da t a  of 
PP4 and 9 below. The sensor  is d e s i g n e d  f o r  a 
f u l l  sca le  r e a d i c g  of o n l y  500 m i l l i a m p s  t o  p r o v i d e  
better r e s o l u t i o n  of c u r r e n t  l e v e l s  u n d e r  "trickle" 
c h a r g e  c o n d i t i o n s .  T h i s  r e s u l t s  i n  t h e  loss of 
q u a n t i t a t i v e  d a t a  d u r i n g  p e r i o d s  of h i g h  ( ~ 5 0 0  ma) 
c h a r g i n g  r a t e s  (e.g., a f t e r  shadow e x i t )  or high 
d i s c h a r g i n g  r a t e s  ( d u r i r g  shadow). 

( S p a c e c r a f t  C u r r e r t ;  - T i i s  p a r a m e t e r  i n d i c a t e s  
t h e  t o t a l  s p a c e c r a f t  load c u r r e n t  e x c e p t  t h a t  . 
used  f o r  B a t t e r y  c h a r g i n g  (PP3) and t h e  s m a l l  
c u r r e n t  d r a i n  of t h e  S o l a r  Array  R e g u l a t o r .  PP4 
m u l t i p l i e d  by PP1 g i v e s  t h e  t o t a l  s p a c e c r a f t  power 
r equ i r emen t .  ___ 

* .--.. PP4 

PP9 ( S o l a r  Array C u r r e n t )  - The t c t a l  amount of c u r r e n t  
s u p p l i e d  by t h e  f o u r  S o l a r  P a d d l e s  is i n d i c a t e d  
by t h i s  sensor. T h i s  c u r r e n t  m u l t i p l i e d  by PPZ is 
t h e  t o t a l  S o l a r  Array power o u t p u t .  

The amount of c u r r e r , t  b e i n g  "dumped" o r  d i s s i p a t e d  (PPX) 
as heat  by dumping t r a n s i s t o r s  a r d  r e s i s t o r s  can be d e t e r m i n e d  
by: PPX = PP9 - (PP3 + PP4). 

(Data p r o c e s s i n g  of iMP PP d a t a  is  programmed t o  i n c l u d e  
e a c h  of t h e  above c a l c u l a t i o c s . )  

S p a c e c r a f t  c a l i b r a t i o n s  of the *Jol tage  and c u r r e n t  s e n s o r s  
are done i n  acco rdanze  wi th  R e f  2. 

3 



TEMPER-ITCRE MEASL?1E?JENTS 

Each t h e r m i s t o r  assembly* ( i . e . ,  one o r  more t h e r m i s t o r s  
p l u s  f i x e d  r e s i s t o r s )  is c a l i b r a t e d  i n  a w e l l - s t i r r e d  o i l  b a t h .  
The s p a c e c r a f t  c i r c u i t r y  is  s i m u l a t e d  du r i r , g  c a l i b r a t i o n s  for 
i n c r e a s e d  accu racy .  Lov r a n g e  t e m p e r a t u r e  sensors  s u c h  a s  used  
on t h e  s o l a r  p a d d l e s  a r e  mounted on a b l o c k  of h i g h  the rma l  mass 
which  is coo led  b y  a l i q u i d  n i t r o g e n  "bath". Readings  are  t a k e n  ' 

a t  s p e c i f i e d  i n t e r v a l s  a s  t h e  mass s l o w l y  ivarms t o  room tempera- 
t u r e .  

F i g u r e  1 i r - c ludes  some p e r t i r - e n t  d a t a  011 t h e  e i g h t  tempera- 
t u r e  s e n s o r s  w h i l e  t h e  g e n e r a l  l o c a t i o n  of each s e n s o r  is shown 
on t h e  s p a c e c r a f t  drawings of F i g w e s  5a and 5b. F i g u r e s  6 t h r u  
10 i l l u s t r a t e  t h e  e x a c t  l o c a t i o n  of e a c h  of t h e  s e n s o r s .  

lbo of t h e  t e m p e r a t u r e  measurement c i r c u i t s  i n c l u d e  pro-  
v i s i o n s  t o  conf i rm,  v i a  t e l e m e t r y ,  two mechan ica l  e v e n t s :  
s e p a r a t i o n  of the  s p a c e c r a f t  f rom t h e  t h i r d  s:age motor '(PPlO) 
and s e c o n d l y ,  ex te r i s ion  and l o c k - i n  of th,e Rb hlagnetometer (PP13). 
T h i s  is accomplished by p a r a l l e l i n g  a 10 K ohm r e s i s t o r  with 
t h e  nominal 10 K o u t p u t  impedance of t h e  Per formance  Parameter  
card whi l e  i n  t h e  "pre-event" c o r i f i g u r a t i o n .  A t  e v e n t  t i m e  a 
micro-switch removes the  10 K resistor f r o m  the c i r c u i t  c a u s i n g  
a step function change of thE o Q t p u t  f r e q u e n c y  of t h e  PP (approxi- 
m a t e l y  130 cps). 

I 

CALIBRATIOX OF TEMPERATURE PARAMETERS I 

C a l i b r a t i o c  of t h e  t e m p e r a t u r e  measurement p a r a m e t e r s  is 
as folloivs (complete and d e t a i l e d  p r o c e d u r e s  and e x p l a n a t i o n s  
a r e  c o n t a i n e d  in R e f  2): 

I 

I 
- -4 

f1) THERMISTOR - Each t e m p e r a t x e  s e n s o r  is p r e c i s e l y  
c a l i b r a t e d  ( i n  a n  o i l - b a t h )  p r i o r  t o  p h y s i c a l  i n s t a l l a t i o n  in 
t h e  s p a c e c r a f t  assembly : B a t t e r y ,  T r a L s m i t t e r ,  e t c ) .  This 
c a l i b r a t i o n  y i e l d s  temperature C0C> v e r s u s  v o l t a g e  a c c o r d i n g  to 
t h e  f o l l o w i n g  c i r c u i t : * *  

I 

TDex rnistor 

0 

- R t  12 K O a t p u t  
- - +O. Z% y o l t a g e ,  - 

T r7 +*334-r vo 
I I 0 
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Rt is t h e n  c a l c u l a t e d  from ohms law by 

R t =  10 K p i : O  - l] (K ohms),  

w h i c h  is used  t o  p l o t  t h e  t h e r m i s t o r  r e s i s t a n c e  v e r s u s  t e m p e r a t u r e  
cu rve .  

(2: SPACECRAFT - S p a c e c r a f t  c a l i b r a t i o n s  a r e  done by sub-  
s t i t u t i n g  a c c u r a t e l y  known r e s i s t a n c e  va',ues f o r  e a c h  t e m p e r a t u r e  
pa rame te r .  T h i s  r e s u l t s  in e n c o d e r  o u t p u t  f requer ,cy  a s  a f u n c t i o n  
of i n p u t  resistance. 

T h i s  p r o c s d u r e  is normally done a t  room t e m p e r a t u r e ,  
c o l d  and h o t  t o  t a k e  i n t o  accounf,  t h e  s h i f t , ,  i f  a n y ,  of the analog 
o s c i l l a t o r s  w i t h  t e m p e r a t u r e .  (However, t e s t s  have  p roven  t h a t  
a c t u a l l y  t h e r e  is co s i g n i f i c a n t  s h i f t  o v e r  t h e  O°C t o  +4OoC r a n g e .  
T h e r e f o r e ,  f i n a l  c a l i b r a t i o n s  were done a t  room t e m p e r a t u r e  only.) 

(3) ' COMBINATION - The d a t a  from (1) above ( t e m p e r a t u r e  vs 
thermis tor  resistance) is combined w i t h  t h a t  from (2) above 
( s i m u l a t e d  resistance v e r s u s  o u t p u t  f r e q u e n c y )  to  y i e l d  t e m p e r a t u r e  
v e r s u s  o u t p u t  f r e q u e n c y  (or  p e r i o d )  w h i c h  is t h e  f i n a l  o v e r a l l  
c a l i b r a t i o s  c u r v e  f o r  a p a r t i c u l a r  t e m p e r a t u r e  pe r fo rmance  param- 
eter. 

-.- _. 

COSCL-IJDIX; REMARKS 

After la i lnch ,  t e l e m e t e r e d  d a t a  f rom Per formance  Pa rame te r  
i n - f l i g h t  measurements w i l l  be a v a i l a b l e  i n  b a s i c a l l y  t w o  f o r m a t s .  
The first w i l l  t a b u l a t e  each PP v e r s u s  t i m e  b u t  t h e  d a t a  w i l l  be 
r e p r e s e n t e d  by  a comb f i l t e r  Lumber (by hand o p e r a t i o n ,  this can -- 
be  t r a n s l a t e d  t o  a f r equency  and t h e n ,  f r o m  t h e  a p p r o p r i a t e  
c a l i b r a t i o n  c u r v e ,  t o  e n g i n e e r i c g  u n i t s  (e.g. ,  v o l t s ,  amps, o r  
OC>!. 

The second f o r m a t  t y p e  w i l l  i n c l u d e  PP d a t a  p r i n t e d  o u t  
d i r e c x l y  i n  e n g i n e e r i n g  u n i t s .  I n  a d d i t i o n ,  t i m e  ave rages , ,  
c a l c u l a t i o n s ,  azd c u r v e  plot. t ir :g w i l l  be computer  programmed. 

A comple te  s e t  of the a fo remen t ioned  d a t a  w i l l  be k e p t  on 
f i l e  by thi!  fblP P r o j e c t  O f f i c e ,  GSFZ. Summary s t a t u s  sheets ,  
based  03 t h i s  d a t a  . h i l l  be fo rwarded  p e r i o d i c a l l y  t o  c o g n i z a n t  
p r o j e s t  p e r s o n n e l .  

It is hoped t h a t  IMP expcr imen+.ers ,  i n s t c u m e n t e r s  and o t h e r s  
w i l l  be a b l e  t.0 u s e  t . h i s  r e p o r t  t o  g a i n  a more c o m p l e t e  under -  
s t a n d i r g  of t h e  I41p Performar-ce Pa rame te r  s y s t e m  s o  t h a t  i n -  
f l i g h t ,  d a t a  w i l l  be more mea-.liPgfLl a7.d u s e f u l  t o  them. .  

5 
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INTERPLANETARY MONITORING PLATFORM (S-74/IMP I) - 
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1. 

2. 

3. 

4. 

5. 

6. 

z 
a 
9. 

10 
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12 

13, 

I 4. 

13 
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MEASUREMENT 

SOLAR ARRAY / BATTERY VOLTAGE 

>RIME CONVERTER,+SOV OUTPUT 

BATTERY CURRENT 

SPACECRAFT CURRENT 

SKIN TEMP. N0.I (TOP OF FACET 0 )  

Rb GAS CELL TEMP. 

BATTERY TEMP 

PRIME CONVERTER, +IZV OUTPUT 

SOLAR ARRAY CURRENT 

SOLAR PADDLE (ARM#I)TEMI? (I) 

SKIN TEMP. N0.2 (SIDE FACET '0') 

MULTI CONVERTER, + ? V  OUTPUT 

Rb LAMP TEMP. (2) 

PRIME CONVERTER TEMP. 

TRANSMITTER TEMP 

( 1 )  

: ALI 8 R AT ION 

~10.5 TO t 2 i V .  

*20 TO + 6 0 V  

2 TO 5 0 0 m a  

3 TO 4 AMP. 

-34OC TO +7SoC 

r 6 O C  TO +82OC 

-17OC TO + 8 7 V  

k9.5V T(J +13V. 

0 TO 5 AMP. 

-138OC TO +80°C 

-34.c TO +?3.C 

+4.0 TO +8.5V 

+53OC TO +148.C 

-39°C TO *79OC 

-38OC TO i80 .C 

(2) 
JOMINAL 
SPACECRAFT 
>PER AT IN G 
?AN= 

-11.8 TO 19.6V 

.50.0V2 1% 

== 50 ma 

- 2  AMP 

b42O*, S'C 

,IO0 TQ+30*C 

,12v*, 1% 

-2 TO 4AMP 

+?.OV+, I% 

+loom TO + 115OC 

+ 4 5 O  TO +60% 

+40m TO + S Y C  

(I) ALSO INDICATES SPACECRAFT SEPARATION FROM X-258 THIRD STAGE 
MOTOR. 

(2) ALSO INDICATES Rb MAGNETOMETER EXTENSION. 

(3) DATA FROM M I 1  EXPERIMENT W I L L  CONFIRM SOLAR PADDLE N 0 . 3  
ERRECTION. 

FIGURE I . 
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IMP THERMiSTOR ASSEMBLY EXAMPLES 

FIGURE 40 
IMP THERMISTOR ASSEMBLY-TYPE "E" 

SHOWN 1/2 ACTUAL SIZE 

FIGURE 4 b  
IMP THERMISTOR ASSEMBLY-TY PE "C" 

SHOWN TWICE ACTUAL SIZE 
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TEMPERATURE h 
LOCAT 

IEASUREMENT 
ONS 

Y 

BATTERY, 

SOLAR PADDLE pp7 flNTERNAL) \ \  

1 / I  (PP6, CENTER OF 
7 SPHERE) 

Rb LAMP (PP13) 

TOP COVER (ABOVE 
FACET 0) P P 5  

s-74 

RATFORM 
INTERPLANETARY MONITORING 

FIGURE 5 8  



SK N TEMPERATURE MEASUREMENTS 
(PP 5 8 P P I I )  

L 

s 
. 

, 

, 

SKIN TEMP # I  
PP 5 

L i  

e .  \ :  
'C 

, ~ 

I 
I 

LOCATION OF SKIN TEMPERATURE SENORS - 
Inside view of IMP Top Cover showing thermistors (81 81 
€32) epoxied in place on top and side of facet ''0': Five mill 
Aluminum sheet added over all surfaces of inside of cover. 

F!GURE 60 
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I 8  IMP S!LVER CADMIUM BATTERY 
(PP 7) 
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LOCATION OF BATTERY THERMISTOR- 
THERMISTOR IS "FLOATING" IN EPON 834 

EPOXY IN POSITION SHOWN 

FIGURE 8 
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